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(54) OPTICAL MEASURING SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an optical 
measuring system by which a substrate or the thickness 
or the optical characteristic of a thin-film layer on the 
substrate is evaluated. 

SOLUTION: The optical measuring system 1 is provided 
with a light source 10 which generates a beam of light, a 
static polarizing element 12 which polarizes the beam of 
light emitted from the light source 10 and a measuring 
system 9 which measures light reflected from the 
position of a substrate 5. The measuring system 9 
contains a static beam-splitter element 60 by which the 
light reflected from the substrate 5 is divided into s- 
polarized light and p-polarized light. In addition, the 
measuring system 9 contains two optical sensors by 

which the amplitude of the s-polarized light and that of the p- polarized light as well as the 
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intensity of the s-polarized liglit and that of the p-polarized light are measured separately. A 
control system 200 analyzes the measured amplitudes of s-polarized light and p-polarized 
light, and it judges a change in the topology of the substrate 5 or a change in the thickness or 
the optical characteristic of a thin-film layer. 
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T-1 2 ^«fefi75^ibS:ttL7t7t?rii]^-r^ffl^->X 

list pte7l£<0?fi)St $:giJ^ti?ffl^-r^-o<7)7fe^-t>-9- 
ir^tfo «1J^->Xt-A2 0 0 7!»'sffljtS.O-'pffi7feO?BI^ 




-1- 



s ji7t<7)Mi|ii t jfflSi- ^ ¥a t > 

Mfie s p fi*<7)sij^ $ fcsii"! ^ 1- ^ w t 

tw^JB 5 1 ^K#e<j«*^?-** v^- vx'^ , ni 

[^*« 7 ] s^rie >; - 5^*^ jSbIi^^ 5^ - 5^ ( l c 

VR) -e*^, K*3S5 niB«07t^a^rSii^->XT-A„ 
[W*«8] HJfe»e<j«5t*i^75^ 7t:«l* 1 0 0 : 1 

yXX'iih^ lt*«i f;fB«<7)^i^fit)j|i|^->X7"Ao 
I»*:*io] Bfrie*«a*53-it'?>¥S75Mi7fee*-Ax 

Ao 

lis** 1 1 ] trie s<B7fecofiiliS^?!!l^1-^^S**7fc 
Ao 

[W*JI12] mfBpfi5tOlgilli^?8lJ^-t^#S75^^ 
J^-f^-KT'*^, l-fi£«<7)7fc#ef|ii|i|5f>Xx 
Ao 

C«*«13l ^ISl<7)^JS«ri6lJ»L, ^5t$-«ir-&*il 
7 -f - K/ N' 7 5' V X 7^ A S: $ t, lC#tr , H^?]^ 1 fCfBffe 
03t#e<)ail^->XxAo 



(2) #MT 1 1 - 1 7 3 9 9 4 

2 

V X -r A o 

lt^#^«7lcttt'-AX7''; y 5'«r§<btc#tr, W*Ji 1 
4 lcIB«<7)5t*e^}ffl^->XxA<. 

1 6 1 ?t:^<7)5fiS^S£iif-&76?i7 ^ - K/< 
•yi'->XxA«r$<b IB^lS 1 HIB»c<0*^S*lrlll 

^vX-rAo 

1 7 ] mUitmy -< - K/^'•y vX-r A*^. 
pt:^<7?®)S5:!M^-r^*5''f:t- K^^tr, W*]^ 1 6 
i;fB«03t^6*) jS!5g •> X X A o 

>ru e>U-i-£f, tt*« 1 tc|B|fe07t*fi^}Wl^v'X 
■f-Ao 

1 9 1 muu± L HtrlE««± 
*«1 8tcfE«05t^tl<)ai^vX'rAo 

20 2 0 1 mu^m.m.7n^m^ 5 1 2 
xi,^. w*«i 9(ise«o*^et;jB]^->xf-Ao 
IK*«2 11 «rie^*fi--s.*a*^ wiE&g*^^ 

1st. BtriEs<B7fe<7)«itli«:ji5Ei--5>#at, ijiTfEpfli^t 

(OW^ i m^-t #S t t::»SE ? ixfzf^m -> x -f a t?* 
f). IJrsESiJjavXT-Ati, siSitRVpiS^om^^it 
7t«ipit, 7fc^:6^^;t^BlIIE^JiO!RF^fetti:^1iBI 
#tt^T'-5'P5::3>yU;i'-r^> lil*]S2 0 lCfE«0 

*^6t)iM^->X7"Ao 

[tt*]a2 2] H^fe*ijffli->XT-A75^ mie-r'-^'S^^ 
^waiSvxxAo 

\'^mLtz'ik<r>it'k 1 k H z J: iiiz^ttmkwxm'm.-t- 
^ J:-9«^$*i-Tv^^, IS*«2 1 t;|E«<7)7t#6<)ail^ 
vXr-Ao 

m-m. 2 4 ] mrlEiMje-t ^ mrlE^te t ffiS 
f^fflLfcffeOTt^rJSJ:^ 1 0 0 k H z O^jftifcTiil^-r 
^ J:9«^$it-cv»^, »*«2 1 tc|E«Ojpt^«)SiJ5e 
vX-rAo 

40 [mim 2 5 1 miEjffl^i- H5rfE*« t «S 

f^fflL;'-:f^<o**i3j:-e 1 OMU ze>Miim.X'm^-f^ 

Xt- Ao 

{mim. 2 6 J H!rlE^«>5*12E^fEtiT' ■iT.tfXi,^. 
W*ai tC|E«<07fc^fi<>jSl^vXxAo 

■f ASt^-^i-^r, lL\tif7 7.m^^^n^X*>i>. ft* 
1 (CfE«<7)*<¥:6«;}ffl^ -> X -f A o 

2 8 1 frlE*ll^ll^$-ti:^^«35^-«?£S 
50 TmiE^iSl^f&^$-*-5.. !S*«1 t^!B«Ojt^e«jrH« 



-2- 



3 

-> X A o 

(om^^ti fcmm ^ ^ - 1 1? mrt e««± * » 
im^m 3 1 1 m%i^^-ti>^m'' s ffi^sfj^'p fi* 

•r 

•r Ao 

■r Ao 

(«*a3 6 ] mumiitimit>^t^i,zmM-ri> -> 

irh^it^^t. 30 
ItriefiTt L ^-:7!c^;6*mrfe^«±<7>«iScOfi:e ^ ^ i 

t fflUf^ffl L ;t f^coirlB =J:}ffl5e1- ^ «95e v f - A -c-* 
oT, pTK^ISTi^'bcOTt^r 1 k H z *ffix-SS^3S:T?iM 40 



1 - 1 7 3 9 9 4 

4 

Mm V X T- A o 
^■f-Ao 

-Sa^iiTfeSir-**. »?|5«3 7tcfE«<^*^fi5ai!l^-> 
^■r Ao 

[|pf*«4 0] «rfBte7fc^^*^ *«^:R?i?ffi*S^i■ 
'^>R?F^«*S•C-ab-&, fll*«3 7tcfE«0^^fi<)a!l5cv 

Ao 

[ W*« 4 1 ] miEiMje -> ;^ T- A StrlE«« t 
f^ffl t ;tft<0«rsSfB^Sri3 J; 2 0 k H z <7)S^&T-«!l 
^■t^ iT«RK?*tTv^&. ig*:S3 7lcfB|KO?t:^W 

jM^vXt-Ao 

[ w*Ji 4 2 ] mm^ X X A ffiE^« t ffla 

f'FfflL7tf^<7)irfEfB*?:i3j:-?-l OMH z Oa?SE®:T'« 

?ffl^VX7^A„ 

I w«j« 4 3 1 ^^{^itmi-i)^mm^itmi-X'h ^ , 

»*Ji3 7HfEtt<7)*^^«lSll^vX-rAo 

W*«4 4] «r!E^«*®75^'bR*tL7t:»gL*^« 

UIB««0*^6<)ffilI^ V X f - A o 

Iit*«4 5 1 ^iriEmTt^^ii** tmzm^^^i^ 

X7^A*s««-?)t«:-i-tr, tt*]fi4 4 tzfE«<7)3t^flD}W5e 

vXx Ao 

[W*«4 6] jt^l^rf&^S-^ir^x-ry/i:, 

;|>x-r y/t. 

HirlEiiTlc: L/i*«l5r*1£±0#^<7)teatC|fillt-5. X X -y 

mrfE*«*®±<^!|$^<Of£a t ffiUf^ffl L 7t:fl:(75 HtrfEfi 
7tLf^*^Sr-ocoit^1-^iS*L7t7fclill^:9-lt-&Xx 

MIBlt^l- S <B^*i^<7) tt-rtLOffifS «r ffl^-r -& X -r 

■yrt. 

55-*ft--2) ^ t -cfriBlfe^o^fb^fiJ^i-^ xt^ -y 7*t ^ 

m^m47] tfrfE36«l$rii*S^-tir'5.Xf-y -/tJ^ Tfc 
^S:EII«^t$-ti:-5.X-f y y^r-i-tf, I»*J1 4 6 t-IBIK 

t«*« 4 8 1 «riB7t«l«r<B:*$-(ir^ X x y r**, * 
l^^1tR«*$-(ir-&X7^y7'«:^tr, «««4 6tclB« 

[S*a4 9l MiB^«Sl4:«3fc$-»i:*Xx yy**, * 
«l * R5f^1B5t$-<ir -5 X 7^ •y-T'i^tr, IS*S4 6tzfE« 
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5 

it^c:^lPl{Cffl7fcL7t#a.<7>*iaoffi$S4: 1 k H z im,^ 

ifi*«±0-e-tL-etL*4-l£;.-r ^SaS^coegi: rap $-tir-& 
< t -ffl5^<O*0« V y * X -r y -ri: , 

iw^asii #rfsifefe<7)ig-v-y7's-±«i--sxx 

■y 7-75^ 

flJIBte* L y^w^ll Sr«JfE^±<7)«|SO j|iJ^.S rSj ft 

X-r y -/t. 

^H-r- ^'Ptr 3 ^U-r-SX-f y-T't-Sr-t-tr. 

« 5 0 (;iseo:^ftc, 

5 2 ] BfrE*1S«M±(7)ggf(:S:*J5ei--& Xt^ 

■y 7°*^ 

Tfc^coaoaiJ^ § *i.7tMi!6 1 Jt^c-r X 7^ y T-^r^tf , 

grge^m $ ^ ¥s ?r m 7L- * ^ -r $5fe 

ffirIB s 1S*Jtt>'p«*<7)i|iJ^S ti.7tSiH^53-*f LTfrlB 
Xr Ao 



(4) S^mW- 1 1 - 1 7 3 9 9 4 

6 

«rfBiB3fc«:«IfB*«±<7)!|#5E<^ffieu*..ir^^-ti:i-^^ 
St, 

mfBIMS±<7>!|*^0*!:ittffl5:f^ffl L;tf*<7)mSBjt«l* 

10 flJIB s ffl*S.y^p {B*co«i|^$ ti-TtSipl =&53-*T L rfriB 
X-r Ao 

20 ±o-en-r*t*t(&-f ^aii^ioeet-rap?-*^ c t-e 
< i:*>-a5^<7)l!aX8-7 y7'*i^-r-z>Xx y7't, 

IB*«<0f||--7 y -/^^)St--l> X -r y -/ 1 . 

y -rSf^'mfBrni-v y 7"*5}-^ LT mrlB^^ 
WttggEfb^fl^t-r-S.XT^-y/t-Sr-i-tf, ^m^fFffi-T 

[It*3l5 6l ltrfBlfeiK<7)»--v'-y:^Sr±^i-^;^-f 

•y 7-;4?. 

JO lrlB»-ifefi-e(S3fc7tll«rl&*Si-e-&X7-y7'<!:, 

mfBfi7fe*«g 4: if !fill«±<7)«IS:(7>ail« * U 16] (t ^ X 7- 

"505^ L fc*|^li:9-it ^ X 7- y •/ i: , 
#a<7)itt5!*j6] L 7t *«Sl<75M« * rffl^-r ^. X -r y 

fB*IK±<7)-?-n-r*t*=l-S-t-'5. jM^ *coefi t PIP S-tir-S. 
C: 1 1 z J: •) - » S: 3 V ^ -vM -r X -r y 7- 1 S: 
40 -g-tr, tt^ltJS 5 5 tCffi«<7):^S„ 

*|6]ttSMti- V X -r A -C* o T, 

«rf B*ll ^ $ -ti: T L 7t IH^fc SrJttt-r -5. 
t Sr-t-tfHHjtS^XT-Ai:, 
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7 

flirie s Uit<r>m^ ^ )M^1- ^ ¥a t . 
«Ffep«*<01iiliS^}|lJSi--?>^St Sr^tr. }|l|5ft-'2># 
St, 

ft, 

iBife«±o-e*i.-r*v*tic.i-^ jffl^,a;(ot5:s t rap S;-<ir-5. 

t, 

<7) ^ * U |6] 1 1 ^ X 7" y r h . 

S-aoitX:^!") izUit L fz±l^<r)mm S: iU^^ ^ ;^ 7^ y 
^tr> ^*]R5 8 {lfEIK<0:^?£o 

[0 0 0 U 

^¥:fi?is9^xii^ajt, mmxi±mL^miznLrz<r>x 

[0 0 0 2] 



(5) #gB^ 1 1 - 1 7 3 9 9 4 

mim^L. tfzZ<r>Xo^J:^Shi:m^Lfz*). 

JO ta. ^hizmt^'o 

10 0 0 3] mmmRifmsim^^fzibiz. R*j-itR 

^■t^zi:X'Z<D^mizm-rz>mm'tnx n t-rhi,<r> 

20 [0 0 0 41 «*^|Si*«n«^t?)l!5eS (PME) tv> 

X, 29 US, SI7-f-959-^-v (1990^3^) ) 
(ca3tfe$tt-rv--&„ COl«Rfil*?!liSEfS(±«ll**lS'^<0 
^ t!; t»R1S* ^ -»ir ^ *5¥14IEP^ * ffl V ^ T is 
•9, *7:^ h >7'';XA^ffli/»T:^*f7fc?:it^:^|6li; 

30 i± 1 0 -m s /it $tl-T(/>^75^ wtL-C-'fj^fi: I), *QX 
[0 0 0 5] 

^mm^jum^a.^n') tztb<r>±.i^\^tzmm.Rxf-^m. 

liflt-t--5>c:tT-ab^o 
40 [0 0 0 6] *f&^<7)5l^^^§etlf±> *««B{;*tLT 

^ Tfc^fi^ jffl ^ V X X A R c/f 1 3S«i- ^ c t r- 
[0 0 0 7] *5l?g<7>Ml::<> o-o<7)B6<j(±. Sfl^SS. 

jsl ommm^R o-'it m 1- -2. -> x x a s 

Srftft-t-S^t-eab^o 
[0 0 0 8] :$:|&?g<7)-^com<0-JKfi^RO^M: 

50 oSI5*fl«)UWat'i-5-C*^9o 
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9 

10 0 0 9] 

fFffi-r-i. /c*:)<03fc^fi«>j!!l5e •> ;^ f- A {Cipjit ^ tt-C o 

fe!lll^->^-rAt±$ etc, sfijt<7)ffiltlit. p<S7lc<7>?^ 

X X A s (B * S. l>* P * t ; o <, » r ffl( S $ ti 7t 4r ^ 

[0 0 10] :*:%ig<0*#e^;j|.lj^->X7^A(7)#o:^#^ 
fj*(±, s«3tfiK^5-<^««Jtl/pfli*^«-<7)iSiti4-rail# 

riiJ^i-;i>iT«)5S:$tt;i>o :*:|fe?gofiFji't**fe1ia-e(± 

:$:vX-rAcOjl)SEt± 1 OMH z t T-l6]±$-<i-^ C t;6*T- 
[0 0 11] 5Et;. *lfe^03fe^S^)iiJ^->Xf-A{iifr6^; 

[0 0 12] ^fi<)fi7t^^(±7t?l^:*^'b07t«:p-6«J(-1«R 

-5^ (LCVR) r-fcJ;v^o 

[0 0 13] ^^m<Dtm^j:mmmTii. ^itmmm^ 

i'i^Xi>X\^^o -OtS:a*?:**Tfflll^1-^->XT-A(I 

[0 0 14] *2.*ii^-e(±. 3|s:v>^7^Ali^?IS*^c>0 

*^?r*llWL$^S-ti:1.7t?lg7-f - K/s-y vx-f A^ 

i)^X'^Z,o l^1S*140kr-A;^-7'U y ^ 

!?:fitl«'l5e-> T- A (Dm^'y 7.7-^<r>:A^ y VTu-ym. 
■»J-rv;^7^A t LTt J:v^o 4)L<I±, frffiTfeji^'f - 



(6) ^la^p 1 1 - 1 7 3 9 9 4 

^:<, itmi}^h(r>ib^i^e.m.-t^tzib\z<r>^m^^Xi>i. 
[0 0 15] :*:|&^W*^v-X-rA{Cl±, ^±Lfz±m 

?rfflv^-i>>l t;i>ST*§So 4f4 L<(±. *$IJ»v;^.7^A 
s1B3fc^lU"'p1B76t-ov>T?il5e?*T-/^S*iS:> ^feiS 

ft?tSv y -/(i, z^Um -> T- A iC^tt <b tLTt ^ ^ >; IB 
[0 0 16] ^^»S^llife^jT-(i. :*:fl?qtcJ:^^^ 

*fitL. E?c:^|fi]lc(S7feL/-:#|a<7)7fcl|(7)iliii§^. 1 k 
[0 0 17] 

n«o-v^T|fi«-r;2.o J-JlT<7)8ttWS.uf^#oiiiiiii(ii3v» 

[0018] HI 1 IC, 5 <7) h vSy^'^^S 5 (7)± 
JO K * ^ SM§ cOSi $ 3ll±7fe^fit)^f 14 ^ ffFffii- Z>tzib<r>. 

-To 

[0 0 19] 7t^6<)?iij^->x7=-A 1 (r>m^mnt. 

L/i7tll^^D'I.BB*t->:^T-A 7 *^3&^t»;R*tS^n 

[0 0 2 0] 1t40*t|^T-*«.^«5 l±. T-X 
KX(±^-X 4 2 i;S}$§tt. HBjtvX-r A 7S,tK^^ai 
vXt-A9(±, hi 1 (1:^1- J: t IC, ^-X4 2<0±:^U 

«t¥Si^*tt-cE5!l--s>*ii:^i6jt:-'^7cifejiaii(i 

40 Ti^TX^id, tt.fiXli^^T^-vS 4;&^'b!g-5?$ttTpr 
iftt^oTv^^o '^-X4 2f±> -f-f X^OSEi^ltic* 

^•vVt. m^ffiO^^-U^ (la^-tir-r) t^r-i-tj-o 5' 
->r-7';U8 035*5 1 2fie«?f-^S4r^-*-'5«ll (H 
^•tir-f) 111) WHIteft s ft 

50 lai^Sr^^hLT-rn-fcy-y-CPUZ 0 Otc«ScLra!l5g'l6 
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11 

6 0 0Xfi5, 4 0 0^^5^[l]tei5:'CllIteLT 
Wx.iir7, 2 0 OlJ^|il«E&X(i 1 0, 0 0 0^55^ 

[0 0 2 11 i5^->T--r;w8 o<7)±:^tc(i, ^«5o 

J: ^ ^tt^OfiB#t V X -r 7 S: v ^ t- A 9 0 

M-^Ji^^>8 5±-CCPU2 0 OtiJ: «9S«^fi5ti^tS 

ZfS 8 *^LTCPU2 0 0 {Z^hiv^. BS#tvXT-A 
7 ®:t>'^m V X -r A 9 7j> ^ co^^^fi^fS* ^ RPXtiPfO 

[0 0 2 2] ab^v^(i, ^ - > x-y^*;^ 8 0 

4 2^3fejiiii&prHfe'^x~r;i. (m^^-r) 

tt T ^ - > x - 8 0 ^ h ^ (r>mm s «®± 

<7)*P?:X^-v>'^'t^r^>i:v^o X'T- 
V 8 4 O U ^ L /:: X -r y / ^' ( i ^ ^ T ^ ^ -9 o 
[0 0 2 31 ?BStvXT-A7tZ(i. JiS^^^^-ti-it^ 
li*$^i'/::76^1 0 0*ffii-*?®l 0 ^^a^>Ti J:v^o 
itmi 0ti^^Lfc6 7 0 nmCOffi^7jt:^ffii-4 ^ M 7 

mi 0 0Oji7fe<7)K(i7fe?lil 0 ^ffi/sif^O^g&il 
ffi*Sl 2S:Jpx^c:i:-e(fij±$"^^c:i:;6^T-|:^o 
nmitX^^fHi. itmi: l O O : l J: «9 *>B:4f^ffl7fcit 

(LcvR) im:misit<om 

^) r-^)i:v^o LCVRhfitf^Tfe^tl 0 Ocoffi^fe^J: 
»9iSStC$IJifll-t^C:t;^>WBg<h^^o 011x.if. LCVR 

U^fc^l 0 0 ^iI^fiTt^-^^- h;^^^T'#^o 
[0 0 2 41 iM^^fO^^fi^ffl^vXr-A 1 Ox-iJ^JlX 
*aK«:«affci-^Uii. Tfei^l 0 0Offl*«tBii*« 

C V R ^ ffl ^ T^^Xfi U 5^ - r =^ ^^ir^ z t r-m^m 



(7) 1 1 - 1 7 3 9 9 4 

[0 0 2 5] ^s* 1 1 0 i±n^ u>xi sizx^ mm. 5 

±<D^i-^^^A\>zm.^.^^'^t>'^hfl^o W%W>Xl 8 
it. ffl*^. L:6^Lj^fpKO. 0IJx.«fIilWU«IJI8(7>*);2> 

MA^m:^^4 Smm<D^ U 7s - W :^ y h 0 6 G L C 0 

[0 0 2 6] 9iU(0^^.y ^ - K/< y ^ vXxA 1 5 ^ 
iO flSW-vXr-A 7 0*K(li3:tt^ TfeJlgl 0O?^S=t©J 

iJ^ vXT-AtC(i. #^{Bjfe140lf-AX-/U y 1$^ 1 6 i:. 

9 0SO7fe^?^Jt^ffl^t-^*^*^:^- K2 0 t:^^^^t 
fi^o ^hizytm^mG^2 2RZf^^> Y/^7.y ^ )V9 
2 3 Sr^tt3lx(f. Tfe^-f^t- K2 0Ui3(t^7t?g?Sftc7) 

^- K2 0{CB|||U*^-HS< t^-?)o *?;gftij»^ 
S2 6(i^^>2 S^^ZXitV^^-V2 0<D&,tim 
-?-«:^tt^*). >3 OSrilCTftlJffllM-^^iecLT 
20 itm 1 0 ^ftlJia ;6^oS^$-^^o 3fcii»J«l^fi2 6 

(i*?Sl Otc-^<fcLr^)i:<. SijO^SI5'7 ^ - K/^ -y 

A 1 ifsmirh^^<ncF\i2 0 o lt<> i: 

[0 0 2 71 ab-^v^ii. itmi 0<7)5^KS:S£tIX(iiPJi« 
^-ti:^/::ii>fitttC:)fc}g7^ - K/N^*y .^5^ vX-rA 1 5 tfli 

x-f A;6^t^<7)5*JS?pi]^1i(iCPU2 0 OtiJ: t^Stat/v: 

[0 0 2 81 *?11 0rttC{i. U— »fi5^^:t- KiC— ft: 

l--^mm^\iZ^y-^^^t\t^m^^Wi^^- vf^xm^ 
fi^o z<nx,nti:mtimm^t\^^<^i)-<o'}5&xmm'th 

- v^m^mu^zi^mmitit. o. o i %it* 

K2 OtCj|«t$-ti:-ri/-'tflgi|igm-^Sr5&±^-^. C:<7)fi 
(*7ffift!Jffll^S 2 6 ) (idi-S^hT— ^<^)lSI^B<7)V-^f 
50 IEI6M-^P^;i/Sr^^$Hi:-&C<!:(i^:^o vlOJio^iZl 
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o<oza«s.y-'aa^;$^sij»*^'*^-<!:T% itui o(±- 

[0 0 2 9] 1ttB->XxA 9(±BB#tvXf-A7 tIBICX 

5tL^c7t«S;S:55-e*);5. sffi^te 6 sRo-'pfgite 6 pu 

:»-lt-&»Wffl7fcli'-AX7'ij y 5' 6 0 t755#J tt^o It 
a3vXfA9lC(±, sfi*6 6 sSy^P'fiTte 6 p05S 
nii^iX^'fm'^\m^-ti>-o<r>itV^ir- K7 2 s 

S.?/7 2 p>6^-f *tL?,o ^<7>J;t(z, Tfc^^-f K7 2 

l-7fe*W^*S6 8 s:5J>*6 8 p3l6lKtZ/<> K/N*;^7'f 

7 0 sSr/7 0 p^i^itr. 

J:T{ci-*c:t;4*-c§*„ *#:«jti:7l&S6 8 s 8 
P?r^H-€'^tm53'5*tfii^xti.(f, Vf-AA«^'^0 

10 0 3 01 fFffi<0*4-*i:^&*«(±, 

Jl^lBtt-r-f J: < . —mtLXUmi . 9 mm 

*BC(±, 1 0:iS»'b 1 S-T'^r i'n;<-5'0)??0-y 

>m<r>±izm l O O O ;t Vi-'X h n-^toip^o 

<c5U-f-<73±tC 5 0 0*>i'*X h n-/,(r))l:£iO:3/<;w h 

LT>/^-2>c. 1 5 0 :t >^'*X b n-A<7))¥$(7)*-.if> 
J: ^TPfbS**^(0^^ieit.^±(c $ tcflfd 

[0 0 3 1 1 3fe*fl<ja)5e->X-r A l Of'Fit|C0ft*e<)-*f'f 
)\^ailkT<OXol,zmm^^o BB|tvX7^A7{i, sfi 

7tfi£*S.y'p«3tfiS:*<75M:^**-r^»a^t»R (Xf±il 

m^i>^^i,mm m^i i o?:-^riE«T-jttt-r-5.*^ 

•^S^Sti-So ^'->-r--7';P8 0*«lalte-t-*i:, C<0 
ItRfflTfel 1 0(i«clt*|6it-^S&LrT--'f xi^ojScSt;:^ 
(«Q ?rS:d' "b^ i T-fc t' 0 . ^ffi -> X t- A 9 J&^M^-T * , 

fc7t;(7)^^•7-^r^-rT'->'^';^Si^ffi^^CPU2 0 o^m 
tt,i--5>o ^<OT'-5't*46^>l tUi »). MsS.f>'pffi 



(8) 1 1 - 1 7 3 9 9 4 

10 0 3 2] it^6^m^'y:^y'-i- 1 li, t-5'SJ>'i£S 
•^'>>'^'3 2 OI*IT'f^Sjl^-<irT^) i <. dO^^^^^V/^ 

izii^hizmtmms 2 2, a^iss 2 4X(±-?-<oflfe<o 

<>J:v»o ^OJ;t 55:#KJC|^Lr(±, 15:11 OIK'S- ^r^fflaS 

[0 0 3 3] S^Sft^eiJ-T'n h n;ur-(±, l^i^frT 
/N'-f^wl-^o -OW^riiCT, CPU2 0 0*^feig-tS 

[0034] ic7>±Ti;. tt$flffSO^'^Sf*oM:^i;o 
v^T s Rf>'p<l*7fc^^:fflv>T:^(iR#|-^v-> -^ratx^ 

v^r, iifeO''t-#^.#.-c<7>satKp^B:)fe<os:tt<Dffl*4-fitc 

'o\,^xm^tmhfitz:Lt\.zi£z,^ 
[0 0 3 5] ^^^nit^m^y^.^-^ 1 (±, ms.mm-h^ 

x^htzib. m.m.mitim^^tzm.^<r>it^mfm'y7.y- 

^im^i>-k^^£n^,±i>tzh-ti><nx^^o 'iit-ox^ 
30 mSL^M^mzn \^X sU%r--m. tLXp^^Xi> 

4 0, 5 6 7-f-tCga^$*ifc^Scoj: 9 fi£*<7>il:^ 

[0 0 3 6] m^x. ■^^m<r>it^mn^'y ^7- -i^itm. 

40 m±^~^:^-f') y ^' 6 0 4-iJ!*0llte53-*ff?0'ftt> t) 

O T'- ^' JlXiETiWtg t o T S o 

[0 0 3 7] *%ig<7>*^6<j?il5t->:^7^A(7)i:L<ffi*v 

;^xA<omi=-«SOiMK, ^1;A/D3>>'n'-5' 8 90 
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W^liiii-ei 0, 0 0 0^:^llte&tv>oT''f x^'lE 

s^li^«^^#-l.^i:^c^fe.*;7>*^S'b^^T^/^^75^ 20, oo 
[0 0 3 8] ^N- h'T^ ^i^mwimm.x'imiri,m%m 

10 0 3 91 fi^xtf 1 0,0 0 0 tt^EKJSOiS J*-CI1 

igLTV^^ 9 5mm<OSI^ietiT''f Sr. 

*I^T-jW5ei-*^ t;4*pr«e-e*^o 75^'n>0:*c§$ 

a§-til:-5>>li:^< 4 2 6 3 6 <07='- 5' 
i-^Ctd^T-^^o -i^(±^il$ (1 0, 0 0 0^:8-11^ 
^) T'-^'JR*r-{i*ti7. lMHz<^T'-^'««ajSi: 

[0 0 4 0] 1 2 H' y KDA/D=f >/N'-i'€rffl^»S:: 

tt^tfo 0 . 1 %<7y^iti 1 0 MH z ot--- ^'iixmiis-e 
iilS1--i.::i:*^"r-#^o 1 OMH zOT'-^'lR*ilJS-e 
^±B^gE:tv■fc•y vmRvy^ >m'tMm-rhztxx *) 

'f >'(t^fflv^iitttLlt\ 1 6 kf y h A/D^^/N'-^'^- 
JR*i$«<>^*l.H*tJL-.LT2 0 0 kHzJSi-CSSiH- 
-5>o Kiil<-. Stf y h A/D 3 > 5:fflv^mf -r'- 
^'llX^iiSJil GH zl*S-e±#-r^75^ flIStMKSL 

[0 0 4 1] -ije<j^fl3:t-e(±, m^mm±iz$,:hm^ 

ft * ^ t i L mik<r>mmm **««gif s o r 

10^. tan (^) *^-i=jio3SP)i mmmrn 
m) <r>mtfimt~mT<7)mmm (0!ix.(±'*-*'»i) 

v^o (tajx.(i"?Pirf?tiJ) <r>y')\.-x9-nim^ 



(9) 1 1 - 1 7 3 9 9 4 
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m^mX'(7y^Si^it<ol3mi^^h. '^<b<ol4K^#i^^^l& 

[0 0 4 2] -jKe^itcii. u—>f(Dmm^mmi~$>t 
i9fii?-e(±^v^*^ '?-ti(±^e-tf^e>, mmM'nmii'^m 

ffl:i-vrxhn-Agi)i3J:-&0. 0 4 rotv^o 5^JS 

«$Stt^^i6^/ittT'>5:<, §f>lC7fc^i 1 oi:^- 
»ofc (r, fl) ^1S5iHi|*irT''f ;^^±(Drat:.,^.PSr 

20 -So 

[0 0 4 3] ±a«<75^«fi. meji,ziEmx'^'o. mm-t' 

> h-A^'Klt^^fi^-^K piS±X-KM^ix^'r>a^<Di^^ 

ftO^<0^ltiifl|7iHCfe2/N°--t> hT-*^o L;6^L;fc 
30 3!>«<b. JiiiEO^gSrfflv^^i:. 0. 1 %<7)^^)Sl,tZlt 

ii±^mmx^i> tmmtx^^^o m^(,mmM<r>m^ 

C P U 2 0 0 tC(±, *>S:itBB L;'J t # <om<0-7 -y "7' 
[0 0 4 4] v^<o*»Offl:^T-(i*«*— iHlill 

50 ~mwmLfzio-t^m^T!>*'ktiM>o 
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[0 0 4 5] *PxlT. J; '9l§K?-ti:7tB<7)^^=fcjM^-7' 
[0 0 4 6] 2KvX-rA(4, l|gS«:#iF$Hi-^, IfeSlJI" 

oiSjiisicij(t-& V- 3 > .^7 X - V T ±<oitea^gcoj? 
? (oii)-K'fbv';3><o)?§) «ofF«^, 

(0 0 4 8] *f&?g<75*<¥:et»}l.te->:^-rAco»-co||i& 
0iJSrlll2tc^i-„ »i:co»jl;fc*iSf?!lT-(4. m^s;^9 0 

K9 4 tci fJffl^StlTCPU 2 0 0 (C^^" > 9 6 
LTiSf>*t^o »^5-?R9 0<o«iJ^-t^tiSL*<o5*JS(±* 

UtLHt. W*St9 0 *»«^SUReLTBe«^^ 
^ t T-«^^9 0 tCAWi--5.tfcgL7t:<7)**S^t--r-i. i: 
i:vio COEfir-<i. *(4«55-*t9 OtzS^coMffiSriio 

(0 0 4 9] ^"bic, ^-HifeW (01) tcrs5*Lrgi 

-> ^ T- A 7 S. C>'^^ai V ;^ T- A 9 1;** L r ? * 

J: ^ »f'^<^^«fei:aiiro* - ^5' lif&^X - Y 7- - 
;i'4 0 (-*«5 5r^it$-<ir, ^<7)7^-7';u4 0 (i^-;^ 
4 2i:5:#?-^-i.-i:*«-e|i^o fieitllvXT-A 4 6 
«r ^It T.BB.It -> X -r A lOj-r h 5 Ofeft jE«t icg| 

«$-**o fa:«eavX7^A4 6HI4, x-Yx-r^w 

4 0S.0>'*«5<oxffig^-fij^i-;5., -^-;^4 2JilZ^ 
»)#tt'btL7t??-§-S4 8/6f-g-itL^o |B|»<7)^?-§-f^ (H 
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2 0 0 IZ^ 4 7 i:ifi-LXx&hfi^o C P U 2 0 0 (4 
SiJffllfi-f-^^fiScL, ZK^y^y4 9l,zmi>ZtX\m 
3fc*cOX-Y-r--7';i'4 0 S.O'^ISS OX- YfiS?rftl| 

(0 0 5 0] X-Y-r-r;U4 0co±:^l-(4\ BBI^v;:?, 
■rA 7S.0'"1^ai->^7"A 9 5i^^«5C0^ffi±(7>-7'n--/ 

* p izM L xnmzs.m.-i^-o&m^t)'^ $n^o x - y 

tt^o X-Yx-r;K±l-7^^7n^-:5'*i^ri:HX 

«±<7) X - Y ffiS *^1^ai -> X f- A 9 lb 
l^p-r-S-tT, CPU2 0 0UJ:i)aiM6«»UE«SIJ»$ 

(0 0 5 11 :^mn<D^^mmmi:m3 izfjii-fy^ z<r> 
m^mmxit. m.Wi<Dx^WiX(nm^i'M^tz>f>\zmi^ii,x 

7- A (c«4 -oXli-?-ti.m±<r)3t?S75*^«t <b „ « 

x.(4\ ««t:-f^li;i-;|.»-7t?ii3 0 0, ^ZlftftT- 

f^wi-r-5.»-*ig3 0 2, sy-'is=?sftTi^»-r^»= 

-3 0 4SO>'3 0 8^i:\ jiL;t3tJ&|6)*^^?-^fflv^ 

[0 0 5 21 i^litcl^^LTIi, 7ferg^^#§-tirTfflv>-2. 
CttCj;!), ±<r>m.9:iW&<r>7.^^>fBiXM'^-t^z 

ift-r^^— *?j?3 0 0 *ffl>/»r^is<7)^-iDia<;)x^ + 

ft, »=vS:gr-f^tft-r-l.ll=7fc?Ji3 0 6 ^rSKLTllH 

(0 0 5 31 M^'&rafi-eaii^^^f d c to^ij*(4, m 

m^in^Zti}^X^^Ztkzii:i>^ C:<0J:d;tM*-5. 
<0 -r --5; r t c o V ^ T O ffpa Sr ^ 7 ^ O I - iZ>ll B# W 

[0 0 5 4] :i^%m<r>mmm.m.m^mAi<zm^*^. z<r> 
^mmxit. m^<r>x$tinx'm^^*^i7x.i>i:^. m^'y 

7.7-M.7lfSTm^X'$,i>o BB#v;?.T-A 7(4, *«5± 

50 :^ji?g5i?$*tfcu-;w5 0 oui5[i9#ttTt iv^o mm 
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{:> IttbvxxA 9 i v-)v 5 0 2 uix fj-ftitr^ffi V 
;^ r A 9 Tiw.tt V ;^ f - A 7 uiiiS LT^iSi-^ct-ei^ 

U AWft ^^^-C ^ ^ i ^ U LT t J: v^o 
[0 0 5 51 BS*fvX7^A7SJ>*^ajv;^T-A9 0i^fft 

XI±X-r 7 5 0 4RCK5 0 6 ^ t"<7)*- 

^iiCTffoTtJ:^^ X-r-y y^-^' 5 0 4S.f>'5 0 
6li, i[fiL<J±CPU2 0 Otl«lJ^$Hi:TMv:^-r/> 

th •> 7" A 9 OM:^ «r o - ;w izli 19 # tt -c A 

[0 0 5 6] ^Eg*ifeF!lOf^ti;{±±j®O^=|||S0!l<O^{) 

oRt>'5 0 2±co©tt?:|Bl^i-r^:ltT-Al^^^^■|gJE-r 
[0 0 5 71 3|i:f&W<7>»S*J61?!l«:ll5tC^-r*^ 

/ N° 7^ ^^pSOSJii ffl V > ^ ^ 9 7. ?S <7)^^R ^ t\ 
jfe^e^)l-itW<7)^«4 0 5 <OJt7ttt<7)?ite^:1f X.-5. i: d 

i±, ^-nifewoHBitv X T- A i mm^£mMx-mf& ? 

7;iBB#->Xf-A 4 0 7*«^in-2)o BBtt->XT-A4 0 7 

i-fis imi^-ri>iitmA i o fi7i&fi4 \2t. it 

4 i:**-^inSo mm^^mW^A O 5±c:>*Plzfijt$Hi: 

[0 0 5 81 ^aiv;^'rA4 0 9 l±, WM'^T^y-A 4 0 
7t;*tL, SWt*«4 0 5C0S*tffltcKg-r;So ^ffi 
->Xf-A4 0 Qitm—mMm<r>1fk^i'X7-l^tW[Wj:W. 
«|-eES?tL-5o 1^ffiv>^xA4 0 9U{±, isaLTi 
fc<53fc =£: =o oii:^«*fi£^lc^5-lt If - A x 

y; -y 5' 4 6 Q-f)^'ktfi^o —^<nitr^^- K4 7 2 

SS.0-'4 7 2 PIC J: I), s ii*S.O''p<S7t:<^?*)K;6-'-?-*t 

^fl 4 6 8 s S0>'4 6 8 p3&CFt;/N'> K/'CX 7 -f 5' 4 
7 0 sS.0-'4 7 0 p ^)^tt'b:h.rv»i,o 
[0 0 5 91 fl?.S4-v^7"A4 0 7SOfi^m->XT-A4 0 
9I±. -?-ti-etL!SIJ^«7)$lLl[3lliX-f-v 8 4 aS.CK8 4 
b5i>^ic.Br»li;!f:^LT, S^'t^«4 0 5lcitLr^i!) 
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XxA4 0 7aa*1tttS>';^xA4 0 9{I*+LTnr»t L 

T^) J; v^o 

[0 0 6 01 *^fi«)>M3e->XT-A4 0 1 njx.m.mim^ 

^ if )i'{t\XT(r>S~ 9 (-ilff-f-So BB*l-v;^T- A 4 0 7 

(i7fe7fe«lt»6«)tctiflti-^o coil it; 

*«^f±7lfc^fi<)lCitig^^«4 0 5 0S®t««JoT^» 
L> »«S:ai§U;tf^i;^ai->:^-rA4 0 9T-$lt^e. 

ti^o CPU 2 0 0(i^{ii->XT-A4 0 gUJ: t))i|^$ 
10 Mz. ^«±co#^Sl]^,a;t;i3tt^aii7t:co/^•v-fiO■f'v 

[0 0 6 1 1 :^^mii±^<r)mmM^zx'om.^^fii, i> 

[0 0 6 21 

[lfe?qcOS(l«l i':Jl±*lfeW07fe^fl9jl!l^vXxAT-(i, 
s iB*^^3-offi*SS.0-'p t raBf ir M^i- 

{f3f:vx-f A<7>jSS>Sr 1 OMH z * T-[6l±$-li:^) C tA* 
[0 0 6 31 MtC, ^Ife^W^^etlffl^v'XT^Ati&StJ 
taiS't'lc^SL'fcv^/i*, vX-rAOiSJS^&tvXxA 

[an ^§km<r>m-mmm\>zi.i>it^t^m'&i^7.7-A 

[112] 2^lfeq^^^-**40!HcJ:^*^6<;}iiy^vXxA 
[0 31 2|s:|IW<0»=«ifet«ftcJ:Sjt^6<j?lll«->XxA 

0 ps.M V X T- A t ^-rmn&iii r-ab o 

[1141 *i§egofS[g**fe^j(-j:*3fe^a?isy^vxxA 

40 iTT^-rm^mx-h^o 

1 , 4 0 1 • • 3fe^6«J})!(5cv;^xA, 5, 4 0 5- • 3fe 
7, 4 0 7- • »BS^v;^7-A, 9, 4 0 9- • ^tiJ 
vXxA. 10, 410 - • 1 0 0 • • 1 

1 0 • • teTt, 12, 412- • fiptS, 14, 414 

• 15- • - hV^ y ^'vX-rA, 
1 6 • • li'-AXT''; y 5', 1 8 • • *tt»^>X, 2 0 

• • itV^^- V\ 2 2 • • tS:^S, 2 3 • • /<> K/N- 

^ )V9^ 2 6 • • 7lc;ii©J^^«, 2 8, 3 0, 3 2 
50 ■ • AO ■ ■ X-Y-r- 4 2- 
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X. 4 6 • • ffiBlitlvX-r A, 4 8 • • W^S. 4 
7, 49 - - ^-O, 58 - - ni'J^-:?^. 60, 46 
0 • • m^iSit^-y'') y^. 6 6s- • sfB*. 6 6 p 
• • pffl*> 6 8s, 6 8 p • • *^«Jt!c*S. 7 0 
s , 7 0 p • • >'N'> ^V^'X•7 ^ 8 0- • 

82, 85, 86, 88 - •^^>. 84 - • 
Xt'-v. 8 9 • • A/D::?>/<-^. 9 0 • • «53^ 



1-17 3 9 9 4 
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3*, 92--7^;t'^. 94-- Tfe^-f K. 9 6- 
• 3 0 0 — m-*?i?5 0 4. 3 0 2- • 

3 0 6 • • HHjtrS. 304, 308 - - ^^ 

-> 3 2 0 • - l^^fc^-V 3 2 2 • • mmm. 3 

2 4 • • S^?S. 3 2 6 — t:-:$'St>'iaft*IJ»vXf- 

A, 5 0 6- • Xr-'y-r^-^o 
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(13) 



^g3¥l 1 - 1 7 3 9 9 4 



[ma] [114] 
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